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1.0. Introduction

1.1. Background

The McGoverri Dole International Food for Education andhi@ Nutrition ProgramNIGD),

one of the Foreign Agricultural Servicebs | ea
education, child devefoment and food security in leimcome, fooddeficit countries throughout

the world. Tke program is named in honor of formembassador and.S. Senator George

McGovern and formeld.S. Senator Robert Dole for their efforts to encourage a global

commitment® school feeding and child nutrition.

The key objective of the MGProgram is to improve literacy of primary schagle children,

especially for girls. By providing school meals, teacher training and related support, MGD

projects helnhanceschool enrolinent and academic performance. The program also funds

suppl ementary activities that promote childre
support childrenés school enroll ment, attenda
instruction eceived.

The MGD program was first authorized in the Farm Security and Rural Inves#uoieof 2002
(P.L. 107171) The 2014 Farm Bill reauthorized the program through 208B0A is currently
funding 45 McGoverfDole projects in 27 lowncome, fooddeficit countries thoughout the

world (McGovernDole, 2009)McGoverni Dole projects are conducted by rprofit charitable
organizations, cooperatives, the United Nations World Food Program and other international
organizations.

The presenstudyis part ofabroader evaluation and research effort to: (1) support the MGD
programbs ability to use rigorous evmakignce, e
to improve program outcomes; and (2) help the program identify key gaps in the knowledge base
onwhat interventions are successful in improving literacy and reducing hdngestudy

builds on three research efforts: a thorough intervention mapping analysis of the MGD program

over a fiveyear period (2002013); a comprehensive annotated bibliogsapf the

programmatic and policy topics of relevance to MGD program interventions; and a proposal for
selecting research topics filree systematic revieves the international literature on the impact

of education program interventions in developingntaas with particular relevance to the MGD
program.

The first topic selected fasystematic review waschool feeding and educational outcomes

The rationale for selecting this topic is threefold. Firgtate served to children in school as well

as tale-home rations conditionaln a chi | d 6 s asacantalcbmpanent cthe d a nc e
MGD programswvorldwide In the MGD literacy results framework, increased access to food
through school feeding results in reduced stenn hunger and increased econoincentives.
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Thesein turn lead to improved literacy of scheage children through improved attentiveness as
well as improved student attendance.

Second, hie literatureon school feeding in developing countradfers a relatively wide variety

of expeimental and quasexperimental evidence providing causal impact outcomelsiding
impact evaluation studies on educational outcofmms whichit is possible to draw conclusions
about the likely impact on many of these educational outcovhest studiehave focusedn
enrollment rates and school attendare ®veral studies have also investigated the evidence
on learning achievement and cognitive development.

Third, from this growing body of literature, it is possible to sketch a reasonable consaitisel
effects of these interventions on thetcomesdentified draw lessons learned aocdrresponding
policy implications, and identify areas for further investigation to help clodedng&nggap.

1.2. Organization of the Report

This report is divided into three major sectiofsllowing this introductionSection 2Zescribes

the objective of the study and its methodology. Section 3 presentslaptimdiscussion of the
empirical evidence derived from the studies reviewed, imuipd detailed presentation of the

findings and their limitations, and implications for future resedbdefailed technical data used
to derive findingsare provided as annexes to the report.

2. 0. Objective and Methodology

2.1. Objective

The purpose of the present systematic review and-ametlysis is to investigate the likely causal
impact of school feeding interventions on educational outcomes faripnary and primary
schootage children and its programmatic and policy implicatiasgeflected in the
experimental and quasikperimental literature on foefdr-education programs in developing
countries.

2.2. Methodology

2.2.1. School Feeding Defined

School feeding is defined as the provision of food to schoolchildren. Two categbsiehool
feeding interventions/ereconsidered in this systematic reviewd meteanalysis in-school

meals and takbome rations. kschool meal programs make food available to children while
they are at school. Food provided consists of either omdic@ation of the following forms:
breakfast, snacks, and lunch. The three meals vary in both quantity of food provided and
nutritional content. Since it is not always feasible or desirable to target individual students,
school meals are provided to allgémts. Takdhome rations are typically given to selected
households conditional on their childrenods
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attendance. Targeting criteria also include income and gender-hdate rations may also be
targeted to partidarly vulnerable students, including the very poor, girls and children affected
by HIV.

These two broad schet#eding modalities reflect MGD program interventions and the 2013
World Food Program scheéteding surveyWorld Food Progran2013) An MGD

intervention mapping analysis for the past five years (ZIAB) shows that all school feeding
programs provide kschool meals to students in the targeted schools, except in 2012 when about
5 percent of programs provided only nutritional supplements asfoan effort to assess their
effectiveness. Nearly 30 percent of programs provide both school meals ahonadkeations.
According to theWorld Food Prograni2013)survey there are at least 368 million ppgimary-,
primary and secondargchool childen receiving food through schools around the world, with at
least 43 countries with programs of more than one million children. The region with the largest
number of beneficiaries is South Asia, followed by Latin America and the Caribbean.

2.2.2. CausalPathways and Outcomes Considered

Within the framework othese twacomponent®f school feeding interventions, this systematic
review includes oly studies that investigate interventidimking school feedingo educational
outcomesStudies that focusxclusively on health and nutrition outconiessmeasured, for
instance, by food energy consumption, anthropometry, and micronutrientiséaiersot

included When both health/nutrition and educational outcomes are investigated, the systematic
review aml metaanalysis is limited to educational outcometudies are therefore included only
when they report results for at least one continuously measured educational outcome or a
composite assessment.

There are three main categoriesedticational outconsg¢hat are commonlgvaluated in
educational interventior(see for instancéddelman et al., 2008; Alderman et al., 2012; Lawson
2012; Petrossino, 201RIcEwan, 2014; Guerrero et al., 2012; Kremer et al., 208%ex 1
provides further illustration dhe outcomes investigated in each study included in the-meta
analysis).These three categories comprise:

1. School participatior{includesenrollment, attendance/absenteeism, dropout, and
grade/classepetition)

2. Learning achievemeifincludesstandardized matandlanguage test scones

! Health and nutrition interventions and their outcomes are analyzed in two separasmatgsas funded by USDA

under contract # D14PD01268.

2 Dichotomous variables are variables with two categories (e.g., male/female, black/white, rich/poor). Although

di chotomous variables may apply to educational out come:
are reported in all the stig$ reviewed as continuous outcomes, typically in the form of rates of change between the

pretest data and the petgtst data or the mean difference between the intervention group and the control group.

Studies were therefore excluded from the analydi®ely describe the results of the outcome without providing the

guantitative data needed to conduct the raetalysis.



3. Cognitive developmen(iincludes measures wérbal fluency, memory, and reasoning.

Literacyis not commonly measured as an outcome, asit@nplex and dynamiconcept that
is subject to various interpretations and defineshutdtiple ways.Moreover literacyhas
expanded from a simple process of acquiring basic cognitive skills, to using these skills in ways
that contribute to socieconomic development, to developing tlapacity for social awareness
and critical reflection as a basis for personal and social chReflecting this complexity,
UNESCOdefines literacya sa sét of tangible skilld particularly the cognitive skills of
reading and writingd andfithe ability b use reading, writing and numeraHjlls for effective
functioning and development of the individual anddhe mmu (UNESZO 2004 It should,
however, be noted thdte multi-dimensionahature ofliteracyin this definitionis captured irat
least two of thethree categories @utcomemeasureg¢learning achievement, and cognitive
developmentusedin the literature reviewed for this study

The outcomes listed above reflect the MGD theory of change, which draws on standard theory
and analysis in theechnical sectors underlying the overall strategic objectives and intermediate
results of the progranfAnnex 2.)The MGD results framework has two strategic objectives

(SOs): Improved Literacy of School Children; and Increased Use of Health and Dietary
Practices. The two SOs are interrelated because Increased Use of Health and Dietary Practices
leads to Improved Literacy of School Children via Improved School Attendance, one of SO1
Intermediate Results. Improved literacy of schagé children is achievada three necessary

and sufficient intermediate results (IRs): Improved Quality of Literacy Instruction; Improved
Attentiveness; and Improved Student Attendance.

Increased Use of Health and Dietary Practices (SO2) improves student attendance (ame therefo
literacy) via reduced healtfelated absences. School feeding is a fundamental component of the
MGD program for two reasons. First, increased access to food through school feeding improves
student attendance via increased economic incertiesond, shool feeding also improves

student attentiveness (and therefore literacy) via reducedtshorhunger.

The MGD theory of change is in line with thesearcHiteraturethat outlinegshe major pathways

through which school feeding programs may affeetr t i ci pant sd educati on ¢
Households are thought to base their children
by comparing the potential future benefits of schooling (e.g., higher earnings in adulthood and

better marriage outcomes) witk costs. (See, for instance, Hanusek 1986; $chd9iB8;

Alderman et al. 2008.)

Schooling costs include not only school fees, books and other supplies, but also the benefits
forgone by the household when the children are not working on the family fadousioessby
not earning additional income from work outside the household, or by not caring for a family

|]Economic incentives in the MGD results framework are d
economic burden of attending©hool f or chil drené increased access to fo
provides a strong incentive for children to attend school, especially girls. Other examples of incentives include

subsidies for books or school uniforms, [and] transportatiegnéoh o o | . 0



member. Since school feeding is a conditionalcash transfer, the savings in food costs for the
household help offset the cost of sending a diilschool. Thus, school feeding is expected to
increase school enroliment to the extent that the conditiosi@hchtransfer helps tilt the balance
towards a higher benefit/cost rai@ddman et al., 2008; Alderman et al., 2Q0Axerman &
Bundy, 2012 Ravaillon 2000.

School feeding is expected to have an impact not only on schodineanbbut also on

attendance because children receive the meal only when they attend. Two other channels may
affect school attendan¢élderman & Bundy, 2012WFP, 2013Addman et al., 2008 First,

since inschool meals relieve shegrm hunger, they offer an incentive to attend school for

children who would not otherwise attend because they are feeling hungry. Second, the longer
term nutrition effects of kschool meks are likely to improve attendance by reducing morbidity

or incidence of diseasnd therefore the number of school days missed from iliness. School
feeding affects grade repetition and dropout rates through the attendance and nutrition channels.

While higher attendance offers more opportunity for learning, the nutrition improvements
through school feeding may improve the physiological capacity for learning and higher school
achievementiu nger af f e cpadty tacoricdntdate end feayat nsalutrition affects
their cognitive development through the cumulative effects of ¢t metabolic and
neurohormonal changes (Politt 1995; Jacoby et al. 1996; Kristjanson et gl\V2€res et al.,

2012; Cooper et al., 2011t is important to notehowever, that increased enroliment and
attendance can lead to overcrowded schools and lower teacher to student ratios, with potential
adverse effects on learning and cognition. This pathway may help explain the insignificant or
even negative effect of sgbl feeding on learning and cognitioncertain situations
(Vermeerschand Kremer 2004; Powett al. 1998).

Takehome rations affect educational outcomes through many of the same channels. However,
since the entire householdimglirectlytargeted byhe food transfermnd not only the school

going child, the effect is determined by how the food is redistributed among household
membes.* Another difference is that the-sthool meal is consumed during school hours, with
beneficial effect on concentratiand learning.

2.2.3. Geographic Coverage
Only studies pertaining to developing countries are incldded.

“Takehome rations are given to selected households condi f
minimum level of attendance, but they are also targeted to vulnerable groups, including the very poor, girls and

children affected by W/. There is evidence to suggest (e.g., Islam & Hoddinott, 2009; Jacoby 2002) that

interventions that target specific individuals in a household may be neutralized by reallocations of the resource away

from the child. In which case, the entire householikifacto targeted by the food transfer and not only the targeted

child.

® Developing countries are characterized as such based on the classification used in the International Monetary Fund
World Economic Outlook for 2014.



2.2.4. Timeframe

The literature search was mainly, but not exclusively, based on studies published-202600
Studies conducted before 2000t published in 2002015 were included. Earlier studies
considered as pioneers and/or especially relevant werealsalered

2.2.5. Target Groups

Preprimary and primarschoolage childrerare the focusf the investigationDepending on

data availhility in the studies retained for review (based on the inclusion criteria spelled out in
Section 2)target groups are differentiated by gender and, subject to data availability, by age
group and grade.

2.2.6. Study Language
Searches were conducted in English, but studérenot excluded on the basis of language.

2.2.7. Evidence Considered and Estimation Methods

2.2.7.1. Screening Criteria

Only the empirical literature thabntains the most rigorous evidence ugimgstrangest

methodology for identifying causal impacts was considdmepact evaluations quantify the

effects of programs on individuals, households, and communities. They show whether the

changes observed are indeed due to the program intervention and thet tactors (see, for

instance, Khandker et al. 2010)mpact eval uations are fAanal yses
outcomes for a particular group of people that can be attributed to a specific program using the

best methodology available, feasiblelappropriate to the evaluation question that is being
investigated and to the specific context.o (I
T h e gompare the outcomes of a program against a counterfactual that shows what would have
happened tbeneficiaries without the program. Unlike other forms of evaluation (such as
O6performance evaluationsd), they permit the a
program bei WyrldBankan.djat ed. o

Attribution is different from associain between the intervention and outcomes that may have
been affected by other contextual fact@&galuating the impact of an intervention hinges on a
fundamental question: What would the situation have been if the intervention had not taken
place. Whiledescriptive monitoring leaves ample room for differing interpretations of how much
the identified change can be attributed to the intervention, impact evaluations rely on more
sophisticated methods to disentangle the net gains from that intervention.

Impact evaluations rangieom randomized designs to quasiperimental models. There is
consensus that the best evaluation method is the experimental design, in which beneficiaries
(called intervention or treatment group) are randomly selected from a sehwifurities with

similar characteristics. Subjects not randomly selected for the intervention form a counterfactual



(called comparison or control group). Randomized controlled trials (RCTs), the gold standard by
which scientific evidence is evaluated, cardbsigned in one of three ways

1 Doubleblind trials an experimental procedure in which neither the subjects nor the
experimenters know which subjects are in the test and control groups during the actual
course of the experiments

1 Single-blind trials anexperimental procedure in which the experimenters but not the
subjects know the makeup of the test and control groups during the course of the
experiments The control may be a standard practice, a placebo, or no intervention at all.

1 Unblinded trial: an exgrimental procedure in which both the subject and the
experimenter know who is in the test and control groups during the actual trial.

Ideally, all variables in an experiment will be controlled. In such a controlled experiment, if all

the controls work as expected, it is possible to conclude that the results of the experiment are due
to the effect of the variable being tested. More gdlyeexperimental design enables the

investigator to make claims of the following nature: The two situations were identical until the
intervention was introduced. Since the intervention is the only difference between the two
situations, the new outcome wesused by that intervention.

Quastexperimental designs are used when all the necessary requirements to control influences of
extraneous variables cannot be met, most particularly when randomization is not possible for
political, ethical, or logisticaleasons. When the subjects cannot be randomly assigned to either
the experimental or the control group, or when the researcher cannot control which group will

get the treatment, participants do not all have the same chance of being in the control or the
experimental groups, or of receiving or not receiving the treatfient.

While RCTs have preest and postest data for randomly assigned intervention and control
groups, quasexperimental design studies develop a counterfactual using a comparison group
which has not been created by randomization. To develop the counterfacasa&xperimental
studies use statistical techniques to create a comparison group that is matched with the
intervention group in socioeconomic and other characteristics, or to fatjd#fferences

between the two groups that might otherwise lead to inaccurate estimates. The goal of such
statistical techniques is to simulate a randomized controlled @iahsiexperimental methods
include the following:

1 Differencein-Difference (orDouble Difference): An increasingly popular method to
estimate causal relationships, this technique compares the-baefbaéter difference for a
group receiving the intervention to the betfafeer difference for those who did not.

® Following the literaturethe event for which an estimate of the causal effect is sought is ¢edlstthent The

outcomds what will be used to measure the effect of the treatriiéettireatment and control groups do not

necessarily need to have the sameiptervention conditionsThe two groupsnay well have different

characteristics. However, many of those characteristics can reasonably be assumed to remain constant over time or
at least over the course of an evaluation.

" For details on all these evaluation methods, see fomiostihandker et al. 2010; and Gertler et al. 2011.



1 Matched comparisongn analysis in which subjects in a treatment group and a comparison
group are made comparable with respect to extraneous factors by individually pairing study
subjects with the comparison group subjects.

1 Instrumental variables: Have been used primanilgaonomic research, but have
increasingly appeared in epidemiological studies. They are used to control for confounding
and measurement error in observational studies, allowing for the possibility of making causal
inferences with observational data and adjust for both observed and unobserved
confounding effects.

1 Judgmental matching of comparison groups: A statistical method that involves creating a
comparison group by finding a match for each person or site in the treatment group based on
the researah r jodgmentabout what variables are important.

1 Propensity score matching: Statistically creating comparable groups based on an analysis of
the factors that influenced peopl ebs propens
common implementatioaf propensity score matching is etteone or pair matching, in
which pairs of treated and untreated subjects are formed, such that matched subjects have
similar values of the propensity score.

1 Regression discontinuity: An analysis used to estimate proigngacts in situations in
which candidates are selected for treatment based on whether their value for a numeric rating
exceeds a designated threshold oraftipoint. The analysis consists of comparing the
outcomes of individuals below the enftf point with those above the coff point.

2.2.7.2. Exclusion criteria

Studies that did not meet the inclusion criteria listed alfjoetuding studies that did not have a
control group were not considered.

2.2.7.3. Major Characteristics of the Studies Included in the Meta-Analysis

A detailed description of th@ajor characteristics of the studies included in the faeédysiss
provided as Annex.IThe studies reviewed were identified through a systematic search. The
search covered both general and specisdistces pertaining to education, economics, nutrition
and health. They includedeetronic sources and journalsyebsites of research centers and gray
publications (unpublished studies, including studies found through the World Bank, and the
Abdul Latif Jameel Poverty Action Lab at MITEitation tracking and examination of the body

of work of relevant influential authors were used to identify studies meeting the inclusion criteria
used in this review. Electronic searches were conducted on papers otedripapers already
included in this review as well as credsecking of references cited in other matelysis

papers that included school feedingtaCon seaches were als@onducted using Google Scholar

for related systematic reviews and relevanpaet evaluations. Such impact evaluations and
systematic reviews (and the citations therein) were screened for relevance using the screening
criteria described above.

10



2.2.7.4. Statistical Analysis Methodology

Data in the studies reviewed were analytedugh metaanalysis® Meta-analysis is the

statistical combination of results from those separate studies. It can be used to generalize from
the sample of studies based on different assumptions about the distribution of effects. Such a
combination yieldsn overall effect size, a statistic (a quantitative measure) that summarizes the
effectiveness of the interventions compared with their control interveritions.

The Comprehensive Metanalysis software, a computer program for ratalysis, was used to
estmate the overall impact of school feeding and pooled effect stelewing the international
development metanalysis literaturghe random effects metmalysis methodologyasused to
derive estimates. Unlike the fixexffect metaanalysis, which aumes that the treatment effect

is common across all studies and that differences in study findings are due to samplilog error
chanceonly (Riley et al. 2011), randosiffects metaanalysis estimates the average effect across
studies, allowing for diffeences due to both chance and other factors which affect estimates
such as study location, characteristics of the target population and length or intensity of the
treatment. For this reason, the randeffects confidence interval in randegffects meta

analysis is wider than that estimated in a feedieect metaanalysis, reflecting a more
conservative estimate as a result of the additional uncertainty around the estimate.

Study weights aralsomore balanced under the randefifects model than under the fixed

effect modelUnder the fixeeeffects modelit is assumd that the true effect size for all studies

is identical, and the only reason the effect size varies between studies is sampli(eyremon
estimating the effect size). Therefore, when assigning weights to the different studies under the
fixed-effect model it is assumed that we can largely ignore the information in the smaller studies
because we have better information about theesaffect size in the larger studies. By contrast,

8 According to the Campbell Collaboratienan international research network that produces systematic reviews of

the effects of social interventions in crime and justice, education, international deeelppnd social welfare

the objective of a systematic review is to Asum up the
synthesizing the results of several studies. A systematic review uses transparent procedures to fiedarmaluat

synthesize the results of relevant research. Procedures are explicitly defined in advance, in order to ensure that the

exercise is transparent and can be replicatedéStudies |
findingsofalarg number of studies can be combined. o (Higgins
research topic. For instance, the U.S. Department of Hi

critical assessment and evaluation of all aeske studieshat address a particular clinical issue. The researchers use

an organized method of locating, assembling, and evaluating a body of literature on a particular topic using a set of
speci fi chttpc/effedtivehedlthcaréahng.gov/index.cfm/glossairy
terms/?pageaction=showterm&termids;7@ccessed 5/9/2015).

° The effect size is a generic term for the estimate of effectathtent for a study. It is a dimensionless measure of
effect that is typically used for continuous data when different scales are used to measure an outcome and is usually
defined as the difference in means between the intervention and control groupd bijvitie standard deviation of

the control or both groups, where the standard deviation is defined as the spread or dispersion of a set of
observations, calculated as the average difference from the mean value in the sample. (See, for instance, Cochrane
Community, http://community.cochrane.orgiccessed 5/9/2015).
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our objective under therandeenf f ect s model i's not to estimate
estimate the mean of a distribution of effects to ensure that all these effect sizes are represented
in thesummary estimat®,

2.2.7.5. Limitation s of the Analysis

2.2.7.5.1 Assessment of PublicatiorBias

The presence of bias in the extracted data was evaluated graphically by using the funnel plot and
Egger 6s r egr es s,il997). To redude publicdian pi@ssituatidrthag for.

instance, may lead journals to prefer studies with positive effdutsyearch wasroadeedto
thenorpubl i shed figrey |l iteratureo that included
disserations, and theses. However, no attempt was made to assess publication bias through
sensitivity analysis for outliers (defined as any study which differed markedly from the overall
pattern) or through i mputati onanaysisDoval& si ng st u
Tweedie 2000)-- a sensitivity analysis method that extends beyond the scope of this study.

Anot her method of assessing the potsernftei aNl, of or
the number of studies whose effect size i® zEmegative that would be needed to increase the

P-value for the metanalysis to above 0.Qbr any other selected thresholl#owever, the

Cochrane Handbook for Systematic Reviews of |
are notrecommendddor wuse i n Cochr an,2014).dForiadditicnal ( Hi ggi n
informationon publication biasseeAnnex1 ; f or det ail ed funnel pl ot s
texts associated with each pooled effect sgtémated in this metanalysis see Annex 2

2.2.7.5.2 Assessment of Risk of Bias in Included Studies

The Cochrane Collaboration recommends a specific tool for assessing risk of bias in each

included study and across studies. The assessment consigidghantand a support for that

judgmentfior each entry in a Arisk of biasodo table,
the study. Thgudgmentt or each entry involves assessing t
ri sk, o or fAuncl ear ri sk, o0 wioftinformatioreor unersainty c at e g
over the potential for bias. Assessment of risk of bias includes sequence generation (checking for
possible selection bias), allocation concealment (checking for possible selection bias), blinding

in RCTs (checking for posdibperformance and detection bias), incomplete outcome data

9 This is equivalent to saying that we cannot discount a small study by giving it a very small weight (the way we
would in a fixedeffect analysis)Since our objective is to estimate the mean effect in a range of stuaimswe do

not want that overall estimate to be overly influenced by any one of-theecannot give too much weight to a

very large study (the way we would in a fixetfect aralysis) and give too little weight to the estimate provided by

a small study because that estimate contains information about an effect that no other study has estimated (See, for
instancehttp://www.metaanalysis.com/downloads/Metmalysis%20Fixe@ffect%20vs%20Random
effects%20models.pdéccessed 6/10/2015).
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(checking for possible attrition bias through withdrawals, dropouts or protocol deviations),
selective reporting bias, and other sources of bias.

As for publication biasa detailechssessment oisk of bias for each studgicluded in tle meta
analysiss beyond the scope of this investigation

2.2.7.53. Heterogeneityand Stratified Analysis

We addressed heterogenéityny use of randoreffects metaanalysis(see Section 1.3.7.4nd
predefined subgroup analys&ée visually examined the forest plttfrom the metaanalyses to
look for any obvious heterogenerynong studies in terms of the size or the direction of

treatment effect. We used tHestatistic test to quantify the lelof heterogeneity among the
studies in each analysis. We explored the identified heterogeneity by subgroups of participants,

treatments, and outcoméBorest plots andstatistics for all interventions and outcomes
measured can be found in AnnexBhe stratified analysis focused on individual outcomes by
type of school feeding (ischool meals and takeome rations) and gendéwrther stratified
analyses to control for certain treatment-sategories and experimental samples are beyond the
scope othis study These include the effeof the following moderatotéand d their impact

91 Study desigrand quality RCTs \s. quastexperimental desigripr RCTs,masking of
participants and outcome assessorst and method of allocatioandexclusion of
participants after randomization or proportion of losses after fellpywworking papers vs.
published papergindquastexperimental design meth@fibr majorquastexperimental
design methods, see Section 1.3.7.1).

1 Geographicdcation of study population

9 Rural and urban location

" Heterogeneity is used to describe the variation in, or diversity ofciparits, interventions, and measurement of
outcomes across a set of studies. In a statistical sense, it is used to describe the degree of variation in the effect
estimates from a set of studies. It is also used to indicate the presence of variabilgystud@s beyond the
amount expected due solely to chance. Heterogeneity iranatgsis is measured by 12, a statistical expression of
the inconsistency of the results in the studies reviewed. For example,-amaBtsis with 12 = 0 means that all
variability in effect size estimates is due to sampling error within studies. On the other hand;aanatgsés with 12
= 50 means that half of the total variability among effect sizes is caused not by sampling error, but by true
heterogeneity between studiéscording to the Cochrane Handbook (Higgins, 2014), a rough guide to the
interpretation of 12 is as follows:

0% to 40%: might not be important;

30% to 60%: may represent moderate heterogeneity;

50% to 90%: may represent substantial heterogeneity;

75% to D0%: considerable heterogeneity.
(http://handbook.cochrane.org/chapter 9/9 5 2_identifying_and_measuring_heterogeneity.htm
12 A forest plot is a grapbal representation of the individual results of each study included in zameiigsis,
together with the combined medsalysis result. The plot also allows researchers to see the heterogeneity among the
results of the studies.
13 Statistically, a moderatiy variable is one that affects the direction and/or strength of the relation between
dependent and independent variables.
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1 Sociceconomic status as defined in each study

1 Age of children

1 Grade of children

1 Mode of school feeding management (e.g., extent of teacher involvement and community
participation)

1 Mode of school feeding administration (breakfast, lunch, snack or a combination thereof)

1 Food type, quantity, and quality

1 Study duration

1 Samplesizeand power analysi@maller experiments yield less precise estimates of

treatment effects)

3.0. Empirical Evidence

This section examines the empirical evidence derived from theanatgsis of the studies
included in the investigatioiFor a description of those studi@sd the outcomes measuyrsde
Annex1; a complete list of thstudies isalsoprovidedin the bibliography) As noted in Section
2.2, educational outcomes are divided into three categories: school participation, learning
achievemat, and cognitive developmer@chool participation consists of enroliment,
attendance, dropouts, and repetiti@arning achievement has three components: math,
language, and readingnd ognitive development includenemory, verbal achievement and
reasoning.

As noted in Sectio.2.1, tvo categories of school feeding interventions were considered: in

school mea and takéhome rationsWhile in-school mealshreakfast, snacks, luncbr a

combination thereofare provided to all studenighile they are at schoalakehome rations are

given to selected househol ds c onotlandaimnmeanh on t
level of attendancd&.akehome rations are alsargetd tovulnerable groupsncludingthe very

poor, girls and children affected by HIV.

The metaanalysis first estimates the overall effect of school feedangss all school feeding
modalities educational outcomes, and target grodmsexplore specific issues and answer
programmatically relevant questions that would provide policymakers with potentially
generalizable knowledge about school feedingnesdrestrict the overall sampte sub
samples, and estimate pooled effect siaegach category of outcomes dodeachoutcome
within each category’ The subsample analysis also used texplore effect sizes by type of
school feeding (irschool meals and takeome rations) and byender'®

For clarity and ease of presentatione tdetailed findingarebased on a series t@fbles derived
from the forest plots and associated data presented as Amviegh, together with Annes,

1 For a categorical subgroup variable, each subgroup should have a minimum of four studies (see, for instance,
Tipton 2014 and Conn(4).
15 As noted in Section 2, other moderator variables could not be incorporated in the analysis.
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includes detailed statistics of effect sizes such as standard erakids, degrees of freedom,
confidence intervals, statistical significanc
tests. Thedetailedfindingsarefollowed by summary and concioss, imitations of those

findings and implications for future research.

3.1. Findings

In presenting findings, we firébok at theoverall effect of schoofeeding, irrespective of the
schoolfeeding modality on the pooled educaaboutcomesNext, we explore whether different
feeding modalities have different effects on theoadional outcomes of interest. In doing &,
examinethe separate effects wi-school meals and takeme ration®n the pooled education
outcomesSince the effecdf schml feedingon educatioal outcomesnay depend on the
feeding modaly and gender of the recipients, we estimatel@deffect sizesfor the combined
educationalbutcomes, by type of schoofeedingandgenderWe then estimateby type of school
feeding andyendeythe pooled effect sizes of school feeding for each outcome catmydgach
component within each categoBs described in Section 2.2.1, school feeding interventions are
of two types: irschool meals and takeome rations. kschool meal progras make food
available to children while they are at school and consist of breakfast, snacks, lunch or a
combination thereof. Takleome rations are targeted to selected households or to particularly
vulnerable students, including the very poor, girls arittlieen affected by HIV.

Due to lack of datan the studies reviewednly a subset of the outcome categories listed in
Section2.2.2could be estimated

3.1.1. Overall Effect Size

We first estimate an overall effect size across all school feedinglimeslaeducational
outcomes, and target groups.

Finding 1: The overall effect of school feeding on the combined educational outcomes is
positive, but very small

Table3.1 shows the estimated combined mean impact of school feeding interventiohsan sc
participation (enrollment anattendance)gearning achievement (math alahguagg and
cognitive development (memory) The overall effect size i8.043standard deviation§ with a
95% confidence interval @0.032, 0054),* indicating that the impact of school feeding on

% Due to lack of data in the studies reviewed, dropout and repetition rates, reading, verbal achievement, and
reasoning could not be included in the maalysis.

" The standard deviation is a measure of the dispersion of a set of data from its mean. The more spread apart the
data, the higher the deviation. A standard deviation close to zero indicates that the data points tend to be very close
to the mean.

18 A confidence interval is a range of values such that there is a specified probability that the value of a parameter
lies within that range. In our example, we are 99% confident that the 0.043 standard deviation falls between 0.032
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educational outcomes as measured by the difference in outcomes between the treatment group
and control group after the intervention (school feeding) is positive. As indicated by (***) in the
table, this diference is statistically significant at the 99% |eVel.

It is impartant to note that,ldough positive, the effect size estimé@e43) is very small?° This
effect size isabout the same effect size estimatethe only identified metanalysis that
included school feeding in developing countries (C@®14) In that studythe effect size for
school feedings estimatedt 0.05%*

Estimate SE P-value 95% CI.L 95% CI.U
0.043 (***) 0.005 0.00 0.032 0.054
(***) Significant at 99% level; (**) Significant at 95% level; (*) Significant at 90% level
12 =56.772

Number of studiest7
Number of effect sizes: 88

3.1.2. Pooled Effect Sizes by Educational Outcome, Type of School Feeding,and
Target Group

This section describes in more detail the effect sizes of school feeding by category of educational
outcomesby individual outcome within each categoayndby school feeding modality and
target group.

and 0.054. Note thatéhsignificance level is reflected in thevRlue as follows: Falue <0.01 means statistical
significance at the 99% level:\Rilue <0.05 means statistical significance at the 95% levedji® <0.1 means
statistical significance at the 90% level.

9 A null hypothesis is the statement that school feedinqbéaspact on educational outcomes. For a null
hypothesis to be rejected as false (i.e., that school feddeghavan impact on educational outcomes), the result
has to be identified as being statistically significant (i.e., unlikely to have occurred due to sampling error alone or,
equivalently, due to the unrepresentativeness of the sample). The probability aigefeeinull hypothesis (in this
case rejecting the hypothesis that school feedingnd@apact on educational outcomes) given that it is true, is most
often set at 0.05 (95%), but can also be set at 0.01 (99%) or 0.10 (10%). Put differently, to detkatiiaea

result is statistically significant at a given level, a researcher has to calcutztisePwhich is the probability of
observing an effect given that the null hypothesis is true. The null hypothesis is rejectedvathe 8 lower than

the significance level which is the case here since th@dtue (0.000) is lower than the significance level (0.01).

2 Effect size magnitudes are typically interpreted on the basis of rules of thumb suggested by Cohen 1988.

According to Cohen, an effesti ze of about 0.20 is considered fismall , 0
of about 0.80 is considered Al arge. o Although these gui
practice for researchers to use them when interpretiegtefize estimates. Thus, if the means for the treatment and

control groups do not differ by 0.2 standard deviati on:

statistically significant.

L1t should, however, be noted that the 0.0i6@re applies only to suBaharan Africa) and to both school meals
and supplements, and it is not statistically significant (the sample size was too small to assess the statistical
significance of that estimate).
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3.1.2.1. Pooled EffectSizesfor all Educational Outcomes, by Type of School Feedingand
Target Group

Finding 2: The combined effect size of irschool meals and takdnome rationson the
combinededucational outcomess much higher for girls than for boys

As shown in Table .2, the combined effect size of-sthool meals and tak@ome rations is
much higher for girls (0.078 and statistically significant) than for boys (not statistically
significant at any leveff?

Finding 3: The effect size ofschool feedingon the combinededucational outcomes is
smaller for school meals tharfor take-home rations

Table3.2 showghat the effect size for both tak®me rations and tachool mealss statistically
significant,the effect size for takkome rations (0.061) is nearly twice as large astfeetsize
for in-school meal$0.033).

School feeding modality (#) Effect size Number of effect
estimate sizes

In-school meals anthkehome rations 0.043 (***) 88
Girls 0.078 (***) 17

Boys 0.033 17
In-school meals 0.033 (***) 59
Girls 0.054 (***) 8

Boys 0.020 8
Takehome rations 0.061 (***) 24
Girls 0.102 (***) 8

Boys 0.051 (***) 7

(***) Significant at 99% level; (**) Significant at 95% level; (*) Significant at 90% level
(#) Effect sizes too few to estimate effect size by type of school meals (breakfast, lunch, snack, and any comk
thereof).

Finding 4: The effect ofin-school mealon the combined educational outcomes larger for
girls than for boys

% 3aying that the estimate is not stially significant is equivalent to saying that the effect size is zero or that the
treatment has no impact on the treatment group.

17



As shown inTable 32, the effect size for kschool mealss much higher for girls (0.054) than
for boys (not statistically significant at any level).

Finding 5: The effect of takehome rations on the combined educational outcomeslerger
for girls than for boys

As shown inTable 32, the effect size forakehome rationss twice as high for girls (0.102) than
for boys (0.051).

3.1.2.2. Effect Size of SchooFeeding on School Participation

This section describes in the effect sizes of school feediraghool participation, the first

category of educational outcomes. As noted earlier, school particijgatisists of school

enrollment attendancejropout and repetition ratesHowever, the investigatiois limited to
enrollment and attendance; dropout and repetition rates are not included in the analysis for lack
of datain the studies reviewe@®utcomes are analyzed by school feeding modality and gender.

Finding 6: The effect of school feeding oschool participationis positive for all school
children regardless of sex

As shown in Table .3, the overall effect of school feedingp(hin-school meals and takeome
rations) for all children is positivéd(05Q and statistically significantgndis nearly the same for
girls (0.070)asfor boys (0.067).

Finding 7: The effect of inschool meals orschool participation is larger for girls than for
boys

As shown in Table .3, the overall effect dh-school meal$or all children is positive (061,
and statistically significantHowever the effeds larger for girls (0.85) than for boygnot
statistically different from zero).

Finding 8: The effect of takehome rations onschool participation is positive for all school
children and is the same fowgirls asfor boys

The effect of takdnome rations on school participatiorDi®61for all school childrerfTable
3.3) and isnearly the sam#or girls (0.120) ador boys(0.122) in both size and statistical
significance.
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School feeding modality Effect size estimate Number of effect sizes

In-school meals anthkehome rations 0.050 (***) 37
Girls 0.070 (***) 9

Boys 0.067 (**) 9

In-school meals 0.041 (***) 20

Girls 0.045 (*) 4

Boys 0.034 4

Takehome ratios 0.061 (***) 12

Girls 0.120 (***) 4

Boys 0.122 (***) 4

(***) Significant at 99% level; (**) Significant at 95% level; (*) Significant at 90% level

3.1.2.2.1:Effect Size of School Feeding on School Attendance

Finding 9: The combinedeffect ofin-school meals and takéhome rationson school
attendanceis very small, but higher for girls than for boys

As shown in Table .3, thecombined effect of rschool meals and takeome rationss very
small (0.078). The effect size for girls (0.)@8nearly twice asarge asfor boys (0.058

Finding 10: The effect onschool attendances higher for take-home rationsthan for in-
school meals

Table3.4 demonstrates that the effect of tddame rations on attendance (0.121) is higher than
for school meals, whose effect is not statistically different from zero.

Item Effect size Number of effect sizes
Pooled effect 0.078 (***) 8
Girls 0.108 (**) 4
Boys 0.058 (*) 4
In-school meals only (#) 0.041 4
Takehome rations only (#)  0.121 (***) 4

(***) Significant at 99% level; (**)Significant at 95% level; (*) Significant at 90% level
(#) Effect sizes too few to estimate effect size by gender
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Finding 11: The effect of takehome rationsis higher for school attendancehan for
enroliment

As can be seen in TabB4 and Table .5, the effect of takdhome rations for school attendance
(0.121) is more than twice aigh asfor school enrollment (0.042This outcome differential
may be explained by two factors. First, tdd@me rationsesult inhigher enrollment (&ble 35).
Secondtakehome rationsesult in higher attendance because @u@yoften offered in addition
to in-school meals andreconditional on attendance.

3.1.2.2.2:Effect Size of School Feeding on School Enrollment

Finding 12: The pooledeffect of school feedingon enrollmentis very small but is nearly
equal for girls and for boys

At 0.040 (Tabled.5), the pooled effect of school feeding on enrollment is very small. The pooled
effect for girls (0.04@nd significant at the 99% level) is slightbwver than for boys (0.051 and
significant only at the 95% level).

Finding 13: The effecton schoolenrollment is higher for take-home rationsthan for in-
school meals

As shown in Table .3, the effect on enrollmerior takehome ration§0.042)is higher than for
in-schoolmeals(0.033.

Item Effect size Number of effect sizes
Pooled effect 0.040 (**) 15
Girls 0.046 (***) 4
Boys 0.051 (**) 4
In-school meals only (#) 0.033 (*) 10
Takehome rations only (#)  0.042 (**) 6

(***) Significant at 99% level; (**) Significant at 95% level; (*) Significant at 90% level
(#) Effect sizedoo few to estimate effect size by gender

3.1.2.3. Effect Size of School Feeding on Learning Achievement

This section describes the effect sizes of school feattirigarning achievement, which
combines language achievement and math scores. Language and matwesxa@eamined
separately bgchool feeding modality and, when data are availanalyzedoy gender.
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Finding 14: The effect of school feeding on learningchievement is much smaller than its
effect on school participation

A comparison off able 33 andTable 36 demonstrates #tthe effectof school feeding on
learningachievemen(0.030)is muchsmallerthanits effect on school participatiq@.050)

School feeding modality (#) Effect size estimate Number of effect
sizes
In-school mealand takehome rations 0.030 (***) 36
In-school meals 0.023 (**) 31
Takehome rations 0.073 (**) 6

(***) Significant at 99% level; (**) Significant at 95% level; (*) Significant at 90% level
(#) Effect sizes too few to estimate effect size by gender

The effect size ofanguage achievement (one of the two components of learnirg) sfown in
Table3.7, much lower&ndnot evenrstatistically significant

Item (#) Effect size Number of effect sizes
Pooled effect 0.013 21
School meals only 0.012 19
Takehome rations only 2

(***) Significant at 99% level; (**) Significant at 95% level; (*) Significant at 90% level
(#) Effect sizes too fewo estimate effect size by gender
--- Effect sizes too few to estimate effect sizes separately

A similar observation can bemadewhen comparing effects for school participation (€h6)

and math scores (Table83. Two factors may account for this resuirst, the effect on learning

takes longer to materialize that can be observed during a particular study period, especially
during the much shorter randomized controlled trials. Se¢bagyathway to higher learmgn
achievement may be less direct than that mediated by enrollment or attendance since it also
depends on the quality of education availaBesuggested in Vermeersch and Kremer (2004)

and Powdlet al. (1998), increased enroliment and attendance may result in overcrowded schools
and higher student to teacher ratio, with negative effects on learning outcAmetated

explanation is that administering the school feeding program may eat irsichiba day,

especially when teachers are involved in managing the program.
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ltem Effect size Number of effect sizes

Pooled effect 0.055 (*) 15
School meals only 0.039 (*) 10
Takehome rations only 0.049 (**) 13

(***) Significant at 99% level; (**) Significant at 95% level; (*) Significant at 90% level
(#) Due to lack of data, verbal achievement and reasoning could not be included in tamaheies

3.1.2.4. Effect Size of School Feeding on Cognitive Development

This section describes the effect sizes of school feedingpgnitive developmenby gender.
Cognitive developmertombinesverbal fluency, memory, ane@asoning. However, since no
data are available aeasoningandverbal fluencypnly the effect on memory is examined.

Finding 15: Schoolfeeding has no effect orcognitive developmentvhen the combined
effect of in-schoolmealsand take-home rationson all school childrenis considered

The net effect of school feedinig{school meals and takeome rationgis not statistically

significant at any level when all school children are carsid Table 39). Such an outcome

may be due to the fact that the link between nutrition and cognitive development is strongest in
early years of life, and by the time students reach school age additional nutrients may not have an
impact on cognitive devepment Kristjansson eal. 2007; Vermeersch and Kremer 2004).

The effect of school feeding @ognitivedevelopment stands in contrast with its effect on school
participation and learning achievemeémhereas school feeding has no effectognitive
developmentvhen the combined effect of-sthool meals and takeome rations on all school
children is consideregFinding 15, the correspondingombined effect of wschool meals and
takehome rations on all school childrenpositive forschool partigpation (a statistically

significant effect sizef 0.050in Table 3.3 andfor learning achievemer{t statistically

significant effect size 0d.030in Table 3.§.

School feeding modality Effect size estimate  Number of effect sizes
In-school meals and takeome 0.0603 15
rations
Girls 0.081 (***) 6
Boys -0.002 6
In-school meals 0.023 9
Takehome ratios 0.056 (**) 6

(***) Significant at 99% level; (**) Significant at 95% level; (*) Significant at 90% level
(™) The analysis for cognitive development was limited to memory improvement. Due to lack of «
verbal achievement and reasoning could not be included in the investigation
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Finding 16. Take-home rationshave a positive effect on cognitive development but no
effecton cognitive developments detected for inschool meals

Table 39 shows that takhome rations have a positive effect (0.056) on cognitive development
but in-sclhool meals haveo effect on that educational outcome.

Finding 17: The effect of €hoolfeeding on cognitive development is positive for girls when
the combined effect of inschool meals and takéhome rations is disaggregated by gender

As shown in Tabl&.9, the combined effect of ischool meals and takeome ration®n
cognitive development for giris positive (0.081yhenthat effect is analyzeseparately for
girls and boys.

3.2.Conclusions, Limitation of Findings, and Future Research Directions

The objective of this metanalyss was to investigate the liketausal impact of school feeding
on educational outcomes for schagle children and its programmatic and policy implications,
as reflected in the experimental and gteagierimentaliterature on fooefor-education

programs in developing countriéhis section summarizes the main findings of the sy
pointsout the majorlimitations of those findingsThose limitations ardue toseveral factors,
includingthe limited number oftudieseligible for inclusion in the metanalysis lack of
detaileddata orparticipants (e. g., gender, ageade household income), +achool feeding
modalities (e.g., breakfast, lunch, snack®de of school feeding managememtdprogram
implemenation costThose limitations servkas basis for suggesting possible areas for future
research.

3.2.1.Conclusions

The metaanalysis examined the overall effect size of school feeding on educational outcomes,
defined as school participation, learning achievement, and cognitive development. To assess the
strength of the overall impact of school feeding, the study exantiveeoverall effect size of

school feeding across all educational outcomes. It then analyzed a pooled effect size separately
for each outcomea/hen data were availablé also explored effect sizes gnder andype of

school feeding: irschool feedingtakehome rationor a combination thereof

Several conclusionsf the investigation should be emphasized

1 School feeding has a positive and statistically significant impact on educational
outcomes. However, this conclusion should be tempered by thibdathe effect size is
very small.
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1 Benefits areconsistentlystronger for girls, suggesting that school feeding may play a role
in reducing gender disparity in developing countries where girls are often differentially
excluded from education and where gender dispatitgrwiseremains a challenging
task.

1 School feeling has a positive and statistically significant impact on school participation.
The impact is positive and statistically significant for both enroliment and attendance,
indicating that school feeding serves as an incentive to get children into schbel@and
keep them there. Another conclusion is that those benefits are strongerstor girl

1 The impact of school feediran learning achieement and cognitivinctionis lower
than the impact on school participatidine lower result for learning achievemeand
cognitive developmens not surprisindgor two reasons. First, the effect on learning takes
longer time to materialize thaan be observed during a particular study period,
especially during the much shorter randomized controlled trials. Setbenpathway to
higher learning achievement and cognitive developnsdass direct than that mediated
by enrollment or attendance since it also depends on the quality of education available.
From this perspectiveschool feedingprograms may be more eftee if combined with
quality education programs, including an appropriate curriculum, quality teachers, high
teacher to student ratios, and suitable textbooks. Higher learning achievement and
cognitive development outcomes may also be negatively affé¢tsthers and
education staffliverted part of their time to preparing and senfimag to children
because this practice may tax the very system targeted for improvement.

1 The effect on school entatent attendance;ognitive developmenandlearning
achievement as measured by math sagriesger for takehome rations than for in
school meals.

1 For optimal resultsschool feedin@nd quality education systems may need to be
implemented in combination with supplementary servitesh adealth and ntition
interventionsTo take one examplenalaria reduction in schealge children in Kenya
resulted in a decline in the prevalence of anemia and a concomitant enhancement in
performance on cognitive tests, but no measurable improvemedtcatio outcomes
was observed due to the lack of quality education inputs (Clarke et al. 2008). Such
complex interactions suggest that school feeding may not be the best response to a
developing education system, but that it may be a valuable tool in theafange
instruments to achieve a more effective education system.

3.2.2.Limitations of the Findings

The results summarized above should be interpreted with caution for several reasons:

1 Most of the evidence comes fronset of11 countrieswhich, while disperse@cross
Africa (4 countries)Asia (3 countries)and LatinAmerica(4 countries)may not be
representative of the population of otlkeuntries or othelessresearchedettings As
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noted earlier in this report, there ar@arly400million pre-primary-, primary and
secondarschool children receiving food through schools around the world, with
programs of more than one million childr@enmore than 40 countriedn MGD
intervention mapping for 2062013 also shows that MGD intenteams have covered 56
programsworldwide, of which 52 percent in Africa, 28 percenfisia and20 percent in
Latin America. Those programs have been implementeddrg thar20 organizations,
and ranged from less than $5 million to more than $20 millimhfeom less than 12
months to more than 36 months in duration.

1 Due to lack of datamportant moderator variablesuld notalwaysbeincorporated into
the analysisincluding effect sizes by age; gradepde ofin-school mealgbreakfast,
lunch, snack oa combination thereof)mode of school feeding managemémitably
extent of teacher involvement or community participation); and food type, quality and
guantity.

1 A number ofotherkey moderator variable the studies reviewedere either missing or
nat readily quantifiable to shed additional light on certain effect sizes. For instance, no
guantifiable informatiorwasavailable to account for potential negativieets of a
decrease in teachergtudent ratios on learning or cognitive outcomes dungioer
enrolment or a decrease in instructional time due to higher involvement of teachers in
schoolfeeding program management.

1 The lack of sufficient information on thpmlitical and social contexhithe target school
communitiedimits the possibility ofreplicating thgprogram in similar contexts or the
general i zabi | Intheabserice of dueh dafiais chetaanglgsis could not
investigatea number ofntervention features underlying the differential success in
improvingeducational outcomenor could it explore the contextual barriers to, and
facilitators of, the effectiveness of educational interventions. This limitation is all the
morecritical because knowing what works is not sufficient for policymakers, who also
neal to know how to make it work with different groups of people and in different
institutional and economic contexts.

1 The study showethat theimpact of school feedingn educational outconsas very
small However, since no other outcomes were considartte analysis, school feeding
may have had a higher impact on reucational outcomes, such as health and nutrition
T although available evidencélflerman, H., & Bundy, D. 2012; Bundy et al. 2009;
WFP 2013)suggests that school feeding is not a méslyiresponse to malnutrition.

91 Due to data availabilitythis study provide@verage effect size estimates without
accounting for the resource inputs associated with each proghagrisa significant gap
because it is misleading to use effect size as the sole criterion for ranking interventions.
Some programs may have been on average less effective but meeéfamite™ than

# Costeffectiveness is an evaluation method that examines the costs relative to the outcomes, or results, of
interventians. It is critical to note that effectiveness must be measured by an outcome, not by an activity. For
instance, just as the effectiveness of a smekigpation program cannot be measured by the number of smokers
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others. Another aspect of cadtectiveness is the loAgrm impact of théntervention
on students and school communities.

3.2.3.Future ResearchDirections

A recent WFP review (WFP 2013) of school feeding programs in developing countries has
pointed out the increasing political support for school feeding programs and demand fo
evidencebased guidance on their implementation. The limitations of the-ametigsis has also
shown that though school feeding programs in developing countries are widely used, the
evidence base for those programs needs to be strengthened.

Based on thémitations of the findings in this metanalysis, he following major areas of focus
in the school feeding learning agenda merit particular mention:

l

Broadening the geographic focus to countries beyond the limited number of studies and
countries in which most of the rigorous research has been conducted would strengthen
the evidencdaseon school feedingnd itseducational outcomes

Additional impactevaluationsareparticularly neededcross age groups and grades, and
according to socioeconomic status and gender, so thatdffsdend returns to various
combinations of treatment and outcomes can be estimated.

The present analysis has shown that etfeeding increaseshortterm measures of

school participation, including enrollment and attendabhaehas mixed effects on

learning Other studies (Fiszbein and Scha2iy09;Galiani and McEwa2013; Barham

et al, 2012;Behmanet al, 2009 haveshownthat conditional transfer programs have
yielded similar effects, suggesting tlatending schoahay be a necessary but not
sufficient conditiorto improved learningnd that future research could combine school
feeding (and more broadly, accdssed interventions) with instructional interventions in
schoolssuch as textbooks, teacher training, curriculum upgrading, and similar treatment
arms Single or multarmed studies combining school feeding veighectednstructional
interventions would showhich combination of interventiorege most likelyto

strengthen the educational outcomes of school feeding.

Additional research on how food type, quantity and quality (e.g., fortified vs. non
fortified meals) would shed some light on whether and to exki@nt such characteristics
may affect educational outcomes.

Additional studies on the effect of school feedamgeducational outcoméy mode of
in-school meals (breakfast, lunch, snack or a combination theveafil be helpful in
identifying the effetiveness of each modality.

Additional studiesre needethat includequantifiable information to account for

potential negative effects of a decrease in teacher to student ratios on learning or

receiving smokingcessation counseling, efftiveness of schodéeding cannot be measured by the number of
children receiving irschool meals or takkome rations- because there is no guarantee that the counseling or the
school feeding will bring about results.
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cognitive outcomes due to higher enrolimfatiowing the introduction of a new school
feeding programor a decrease in instructional time due to higher involvement of
teachers in schodéeding program management.

Including information in schodeeding research on the soaald economicontex in

the target school communities would shed some light ondetwol feedingrrograms
with the strongest educational outcomes can be replicated in ssetileagsandwhich
contextual barriersnay reducehar effectiveness.

Additional studiesn the bnger-term impact of school feedirage needetb track the
effectof school feeding orducational achievemerasdtheeconomic productivity of
children as they reach adulthood. Such evidence is currently lacking due in large part to
the various difficulies associated with running experiments for an extended period of
time.

When conducting research on school feeding, it is critical to anddgzenst drivers of
programs to gain better understanding of why costs are low in some countries and
settings andhigh in others. Based on that analysis, guidaocad be developedn how

to estimate costs along the supply chain and optimize operations. A necessary step in that
direction would be to design studies that fully detail the treatment itself, including
implementation features and intervention inputs (sudthgolinfrastucture
improvements, staff resources, and meals provided) and their8osksinformation
would stimulate thelevelopment ofa costeffectiveness methodology, cdstnefit ratios
and associated metrics for selecting optimal interventions.
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Annexes

Annex 1. Baseline Characteristics of the Studies Included in the Systematic Review and Meta -Analysis

Author Title Type of Study Location Age/grade Sample Intervention Educational
Qutcome
Measures
Adelman et The Impact of RCT Northern 6-14 years | In-school meals (ISM), takkome ration ISM; THR; nothing (control Math, cognitive
al., 2008 Alternative Food for Uganda (THR), andcontrol groups. 2005 Baseline| group). ISM=snack and lunch. development
Education Programs 323 observations: 134 ISM; 103 THR; 86| THR= one month for students wit|
on Learning control. 2007 Survey: 426 observations: | 82% attendance. Duratioh8
Achievement and 178 ISM; 143 THR; 105 control. months
Cognitive
Development in
Northern Uganda
Afridi, 2011. | The Impact of School| Staggered Madhya Grade 15 39 treatment schads; 17 control schools. | Transition from THR monthly School
Meals on School implementation | Pradesh, rural provision of free raw food grains | attendance and
Participation: of program; India to free daily cooked meals. enrollment
Evidence from Rural | difference in Cooked meals cost is higher than|
India. differences; raw food grains distribution Data
from 20032004 used to determing
whether transition to daily cooked|
mealsimproved school
participation.
Ahmed, 2004 | Impact of Feeding RCT Bangladesh, 6-12 years | Four surveys: villages, schools, ISM=mid-morning biscuit snack tq Enroliment,
Children in School: rural villages households, and communities. 6,000 primary schools. Duration: | attendance
Evidence from and Dhaka 4,453 households (3,193 program and baseline 2002; follovup survey
Bangladesh slums 1,260 control) in villages and urban slumg 2003
12 selected villages and urban stum
communities. 68 primary schools (34
program and 34 control) in the school
survey.
Ahmed & Food for Education RCT Bangladesh 6-12 years | Household selection from 10 thanas; fron| THR. hhd with primary schogige | School
Del Ninno, Program in each 2 intervention unions and 1 control| children eligible for benefits if hhd| enrollment,
2002 Bangladesh: An union; from each 2 villages, from each has less than half acre, head is | attendance,
Evaluation of Its village 10 households with scheafje laborer, female, or has leimcome | academic
Impact on children. Intervention sample: 10,449 occupation. Duratin: surveys in achievement
Educational children in70 schools in intervention 2000, but program egoing since
Attainmentand Food unions. Control sample: 5,243 children in| 1993.
Security 40 schools in nofrFE unions.
Alderman, The impact of Food RCT Norther 6-17 years | 31 out of 54 camps assigned to 3 groups] THR vs. ISM vs. control. Enroliment,
2010 for Education Uganda; IDP ISM 11 camps; THR 10 camps; control 1( Experimen with timing of meals; | attendance.

Programs on School
Participation in
Northern Uganda.

refugee camps

camps. Households with children in camg
also selected randomly in baseline surve
Gross enrollment 4,018 students; net

enrollment 3,134.

and child/parent incentives. ISM
group provided free snack and
lunch. THR group received once

per month dry ration equivalent in
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Author Title Type of Study Location Agelgrade Sample Intervention Educational
Outcome
Measures
energy and protein to ISM.
Duration: Baseline survey (Oct
Dec 2005) compared with follow
up (MarchApril 2007) survey. 18
months coverage.
Buttenheim Impact Evaluation of | Difference in Lao People's 3-14 years. | 3 out of 7 districts randomly assigned to | ISM, THR, both, and control. Enrollment
etal., 2011 School Feeding difference Democratic Potential ISM, THR, and ISM+THR treatments. THR. Duration: 2006 baseline an(
Programs in Lao PDR| estimates at two| Republic spillover Longitudinal survey of 4,500 households | 2008 followup survey.
levels: between effects for | with schoolage children in villages in 4
districts and older and sample districts. Villages that chose to
between takeip younger participate had minimum criteria. 15
and nontakeup siblings. random households selected from village
villages. From a target of 4,500 hhd, interviews we
Propensity conducted wth 4,169 hhd in 263 villages.
score matching Follow-up survey attempted to cover sam
to construct hhd as baseline survey but 11 villages ha
plausible moved, for a loss of 119 hhd but 286
control replacement hhds added in 2008 survey.
counterfactuals Control district in neighboring province
with similar ethnicity ad geography.
Cueto et al., | Educational Impact of| Difference in Peru, rural Fourth 11 schools in treatment group: 5 with Breakfast served mithorning Achievement
2008 a School Breakfast differences highlands grade. separate classrooms for each grade and | during recess. Tests given after | tests for
Programme in Rural | treatment vs with one or more grades per classroom. 4 breakfast in treatment group, afte| arithmetic,
Peru. control group control schools Total sample 350 fourth | recess in control group. Program | vocabulary,
over time. grade students: 169 in treatment group, g started in 1996; evaluation in reading, memory,
Hierarchical 181 in control group. Treatment schools il 1998. coding.
Linear Model to one province; control schools from near attendance,
analyze test provinces to match treatment schools in enrollment and
data. altitude, bilingualism, demographics, and dropout rates
Covariance sociceconomic statusThe evaluation was
analysis to designed after the school breakfast progr
compare was started, so it was not possible to ass
outcomes. students or schools randomly
Gelli, A., Does Provision of Retrospective SubSaharan Primary Schools dividedby type and length of ISM and THR. Target population:| Enrollment
Meir, U., & Food in School crosssectional | Africa, 32 schoolage | program. Out of 4,175 schools in sample,| food-insecure areas with poor
Espejo, F. I ncrease ( studybasedon | different children 593 had food program for 2 years, and th| access to educationuation:
(2007). Enroliment? Evidencel schootlevel countries remaining 2,680 had it over 1 year and 9( Survey period October 2002 to

from Schools in Sub

Saharan Africa

survey data
from 32 African
countries

not yet beneficiaries.

February 2005.
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Author Title Type of Study Location Agelgrade Sample Intervention Educational
Outcome
Measures
Ismail etal., | Guyana's Hinterland | Longitudinal Guyana Grades 6 | Baseline data collected in 64 schools Cooked lunches to intervention | Attendance,
2014 CommunityBased and crosver hinterland starting in 2007: 20 schoadlsat began schod children. Parents English and math
School Feeding samples. school feeding during the evaluation peri¢ participated fully in food
Program Compars group formed the intervention group and the production and meal preparation
averages for remaining44 schools formed theontrol and delivery. Duration: Baseline
treatment and group. data collected starting 2007. ISM
control. impact evaluation in 2002009.
Kazianga et | Educational and Child RCT Burkina Faso, | 6-15years | Initially 16 villages in ISM and 16 in THR,| THR for girlswith 90% Enroliment,
al., 2012 Labour Impacts of northern but after data problems analysis based or attendance. Boys not eligible for | attendance,
Two Foodfor- (Sahelian only 15villages for each treatment and 12 THR. ISM lunch to both girls and | academic
Education Schemes: region) in control. Surveyed random sample of 44 boys. Duration: baseline June performance, and
Evidence from a hhd around each school for total 2,208 hly 2006; follow up June 2007 (one | cognitive
Randomised Trial in with 4,236 schoehge children. 1,493 academic year). development
Rural Burkina Faso students in the ISM villages, 1,498 in THF
villages, and 1,245 in control villages.
Kazianga et | Educational and RCT Burkina Faso; | 6-15years | 15 schools to ISM program; 16 ISM (lunch) and THR (for girls Enrolliment, math
al., 2009 Health Impacts of northern rural village/schools to THR; and 14 to control | with 90% attendance). Duration:
Two School Feeding Region with group. Random sample of 48 hhd per baseline survey in 28. Followup
Schemes: Evidence low school school, for a total of 2,208 hhd and 4,140| survey in 2007 (one school year)
From a Randomized participation school age children.
Trial in Rural Burkina
Faso
McEwan, The impact of Chile's | Regression Chile, public Graces & 8,727 schools. Vulnerability index for eac| Vulnerability index (0 to 100) use( Enroliment,
2013 School Feeding discontinuity schools system,| 8; 6-17 school based on year 2000 report. to assign school meal rations attendance, math|
Program on Educatior; design on nationwide years Proportion of students within each school| during 20032005 school years: and language
Outcomes school varies continuously with the vulnerability | Cutoff index used to identify
administrative index, with higher proportions assigned tq discontinuities in regression
data. poorer schools with higher inerability estimates. Duration:
scores. Administrative records of Ministry
of Education from 20D to 2005.
Meng, X., & Does a Food for Propensity scorg Bangladesh 6-13 years | Compare schooling outcomes between fq Household eligible for FFE if head Attendance
Ryan, J. Education Program matching for education (FFE) households and FFE| is female, has under 0.5 acres, is
(2007) Affect School combined with nonteligible households in the two FFE day laborer, or a lovincome
Outcomes? The differencein- Unions (districts) and between Feigible | artisan. Subsidy: 15 kg of wheat o
Bangladesh Case. differences households in FFE unions and household 12 kg of rice per month (20 kg

methodologies.
Probit models to
estimate
probability of
eligible
households

in the nonFFE-unions. Total 400
households in intervention Unions: 209 h
with 399 children are program eligible an
191 hhd with 336 childrewere non
eligible. Control in norFFE unions: 200
households with 343 primary children use
as counterfactuals of eligible households

FFE-unions.

wheat or 16 kg rice if more than 1|
child) Duration: Data collected in
2000, after 7 years of program
operation.
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Author Title Type of Study Location Agelgrade Sample Intervention Educational
Outcome
Measures
Nielsen et al.,| WFP Cambodia RCT Cambodia Grades 46 | Mixed methods approach combined ISM (early morning meal); THR | Enrollment,
2010 School Feeding 2000| Mixed methods; household survey of randomly selected | targets poorest students; 37% of | attendance,
2010: A Mixed egressions using students in ISM, THR and control schoolg schools getombined ISM and learning
Method Impact various with data from Ministry of Education THR. Control schools no school | performance
Evaluation. functional annual reports. 108 total schools selecteq feeding. Duration: Ministry of
specifications of which 78 received ISM, THR, or both, | Education annual reports for 260
and 30 in control group15-20 students 2009.
randomly selected for follow up from eac
school, and their households surveyed. I
total 2,014 households covered, 1,227 si
graders given standardized tests.
Nkhoma et Early-Stage Primary | Single Malawi 6 -8 years Samples of about 120 skents were ISM (intervention), no ISM Cognitive tests
al. 2013 School Children difference of selected in two schools, one of which (control schools). Duration: 2010 | for memory,
Attending a School in| average offered fortified ISM. 226 school children | 2011academic year. reversal learning,
the MalawianSchool | outcomes were followed for one academic year, 114 and attention
Feeding Program between in the ISM school, and 112 in nd8M.
(SFP) Have Better samples in the End survey covered 190 students (100 in
Reversal Learning SFP and non ISM) as 36 dropped out (14 ISM and 22
and Lean Muscle SFP schools. norISM).
Mass Growth Than
Those Attending a
Non-SFP School
Powell et al., | Nutrition and RCT (testers Jamaica rural Grades 55 | 16 primary schools Total sample: 814 Breakfast served before class at | Reading,
1998 Education: a ) schools children in 16 primary schools. 408 separate rooms and times. Contr( spelling,
Randomized Trial of | V€' blind to children in treatment group received children get quarter of an orange.| arithmetic
childre . ) ’
the Effects of rou breakfast, 203 were undernourished Duration: Measurements done at| attendance
Breakfast in Rural gssi pnme it (weight/age <=1 SD) and 205 in the start and end of 1994 scho@ay.
Primary School 9 adequately nourished (weight/agel>SD).
Children. 406 pupils in control group: 20
undernourished and 202 adequately
nourished). Children were matched for
school and grade.
Simeon, 1998| School Feeding in RCT (testers Jamaica rural First study: | First study, students in lowest 3 deciles ir| First study, ISM=breakfast. Arithmetic,
Jamaica: a Review of ) schools 12-13 years | scholastic ability assigned to 3 groups: 44 Control got either placebo (syrup) spelling, reading,
. were blind to : ; . . ) ;
Its Evaluation the subjects’ in Grade 7; | received ISM; 3_3 syrup drink (placebo), or nothing. One year (Sdﬂar), atten_d_ance,
treatment stat)s second and 38 got nothing. Second study, cross | first semester used as baseline. | cognitive tests
study: ages | over design with each @t with own Second study, full dinner, next
9-10 control: 90 children, 3 groups of 30: morning fullbreakfast on first visit
wasted; stunted; nestunted. and tea on second or vice versa.
Vermeersch | School Meals, RCT Kenya, western | 4-6 years 25 of a pool of 50 schools were randomly| Pupils in treatment schools Enroliment,
& Kremer, Educational region. selected for treatment, the other 25 were | provided free shool breakfast attendance, test
2004 Achievement, and control. Within school, 30 children selectg Duration: 2000 to 2002. scores, oral

School Competition:
Evidence from a
Randomized
Evaluation.

for testing, with replacements if student
absent.

curriculum and
written
curriculum
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Annex 2: The MGD Results Framework

McGovern-Dole

Results Framework #1

Improved Literacy
of School-Age Children

(MGD S01)
Improved Quali Improved
3 . Quality Improved -
of Literacy . Student
q Attentiveness
Instruction (MGD 1.2) Attendance
(MGD 1.1) ) (MGD 1.3)
. Increased Increased
More Improved Increased Increased Skills Economic and Reduced Improved Community
. Access to - . Reduced Increased
Consistent Literacy skills and and Knowledge Cultural Health- school Under-
School . Short-Term . Student .
Teacher sunplies & Instructionalj} Knowledge of School —— Incentives Related Infra- Enrollment standing
Attendance Mps ial Materials of Teachers Administrators (MGD fz 1) (Or Decreased Absences structure (MGD 1.3.4) of Benefits of
(MGD 1.1.1) {M(?DE;I? :] (MGD 1.1.3) || [MGD 1.1.4) (MGD 1.1.5) - Disincentives) | f (MGD 1.3.2) § | (MGD 1.3.3) - Education
o (MGD 1.3.1) {MGD 1.3.5)
Increased Access Increased Use of Health and
to Food Dietary Practices
(School Feeding) (See RF #2)
(MGD 1.2.1.1, 1.3.1.1) (MGD 502)
- Increased Capacity of Improved Policy and Increased Engagement
1 d o
Foundational Government Regulatory Gover:::z:tsiu o of Local Organizations
Results Institutions Framework (MGD 1.4 s?p and Community Groups
(MGD 1.4.1) (MGD 1.4.2) o (MGD 1.4.4)

A Note on Foundational Results: These results can feed into one or more higher-level results. Causal relationships sometimes exist
between foundational results.
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McGovern-Dole
Results Framework #2

Increased Use of Health and
Dietary Practices
(MGD S02)
A
| ] ] | ] ]
Improved Increased Increased R :ﬂr:f::sa: ‘teg
Knowledge of Knowledge of Increased Access to Access to Regquisite Food
Health and Safe Food Prep Knowledge of Clean Water Preventative (:’re and
Hygiene and Storage Nutrition and Sanitation Health Stora pe Tools
Practices Practices (MGD 2.3) Services e and quuipment
(MGD 2.1) (MGD 2.2) (MGD 2.4) (MGD 2.5) (MGD 2.6)
( ] P | \
) Increased Capacity Improved Policy and Increased Enga Ig:::::i: Local
Foundational of Government Regulatory Government Ogr inizations and
Results Institutions Framework =il Cor?'lmunity Groups
(MGD 2.7.1) (MGD 2.7.2) (MGD.7.3) (MGD 2.7.4)
\_ J

A Note on Foundational Results: These results can feed into one or more higher-level results. Causal relationships sometimes exist
between foundational results.



Annex 3: Analysis of Publication Bias

Publication bias refert® the selective publication of studies with a particular outcentbe
greater likelihood that studies with positive results will be published, with the result that most
treatments tend to be less effective in practice than the research suggekisi(stance,
Dickersin 1990 or Ferguson et al. 2012). Small studies are at the greatest risk of being lost
because, with small samplesly very large effects are likely to be significant and those with
small and moderate effects are likely to be unhield. Large studies are likely to be published
regardless of statistical significance.

Funnel plots and Egger tests (Egger et al. 1997) enable the quantification of publication bias.

Funnel plots provide a graphical depiction of publication bias, bast#teaationale that small
studies are more |ikely to be unreported than
dr awer pr o-bxisesmwig thé staamdard error corresponding to sample size, is

inverted with large studies measured attibp(see funnel plots belowhe asymmetry in the

plot, as highlighted by the lack of small sample studies which report findings below the average
effect at the vertical line, suggests evidence for publication bias.

In the absence of publication bi&etstudies will be distributed symmetrically throughout the
scatter plot. In the possible presence of bias, the bottom of the plot would tend to show a higher
concentration of studies on one side of the plot than the other. The funnel plot can alsade used
identify outliers-- observations that are numerically distant from the rest of the data.
Identification of outliers in metanalysis can be used to conduct sensitivity anafysth and

without outliers.

Given the difficulties in accurately assegsasymmetry by visual inspection, statistical tests are
recommended. The most widely wused statistical
variables: (i) normalized effect estimate (matalysis estimate divided by its standard error),

and(ii) precision (reciprocal of the standard error of the estimate). The test is based on a

simple |Iinear regression to test for intercep
the null hypothesis that there is no funnel plot asymmeitmthis case the regression line will

run through the origin. If the intercept b deviates from zero (the origin), the devietiidegs a

measure of asymmetrythe larger the deviation from zero, the larger the asymmetry. (It is for
thisreasonthatEgged s test i s also referred to as fAEgge

The following two plots are from a biased and unbias®lysis, as reflected in their
corresponding funngllotsand Egger 6s test statistics.
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Example of a biasednalysig(effect of takehome rations on school attendance for all children
described in this studly

1 The effect sizes are not symmetrically distributed
1T The Egger 6s test s howsisstatisacally different fiom zemr c e p t
(P-value = 0.01447)

Funnel Plot of Standard Error by Mean
0.00
0.05
15
@
=
15
9.10 -
=]
15}
=}
=
=
e}
815
0.20 =
}
20 -5 10 05 00 05 10 15 20
Mean

Egger's regression intercept

Intercept 1.81745
Standard error 0.61551
95% lower limit [2-tailed) 0.44600
95% upper limit [2-tailed) 3.18891
t-value 2.95274
df 10.00000
P-value (1-tailed) 0.00723
P-value (2-tailed) 0.01447
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Example of an unbiased analygesfect ofin-school meals on cognitive developménttall
childrendescribed in this studly

1 The effect sizes are symmetrically distributed
1T The Egger 6s test sm320688isnotistatisticatlylliferentframe r c e p t

zero (Rvalue = 068679

Funnel Plot of Standard Error by Mean
0.00
4
0.05 %b
s
é0.10 ©
T O
z
Z0.15
0.20 '
*
2.0 -1.5 -1.0 0.5 0.0 0.5 1.0 1.5 2.0
Mean
Egger's regression intercept
Intercept 0.32068
Standard eror 0.73907
95% loveer limit (2-tailed) -1.73132
95% upper limit [2-tailed) 2.37268
t-value 0.43390
df 4.00000
P-value [1-tailed) 0.34337
P-value [2-taled] 0.68674
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Assessing publication bias involves: (1) broadening the searchtotheadn| i shed dAgr ey
|l iteratureo to reduce the bias; and-an@lysis condu
has made every attempt to minimize the publication bias by condwcthorough search for
nonpublished studies that included conference proceedings, technical reports, dissertations, and
theses. Despite this effort, the 4indicateathat pl ot s
publication bias could natlwaysbe eliminated.

Assessing publication biagan alsde conductedhrough imputation of missing studies by using

Atri m and --faisdnditivity analysi$ ngethodghat extends beyond the scope of this
study. Another method of assessing thsafepotent
N, 0 t beeof studi@s whose effect size is zero or negative thaldWe needed to increase

the Rvalue for the metanalysis to above 0.05. However, the Cochrane Handbook for
Systematic Reviews of I nterventions ndenifoes t ha
use in Cochrane reviewso (Higgins et al. 2014

It is very important to note, however, that the presence of publication bias means that the pooled
effect sizes may be overestimated and the response ratio effect size estimated by trim and fill
comresponds to a reduction in average effect size. Since the school feeding effect sizes estimated

in this metaanalyss are(when statistically significapt onsi st ent byt higetr yi ssmah
fill analysis are expected to mattese effect sizes even alter --- with nomajorimplications

on the conclusions and learning agenda presented in this study.
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Annex 4: Technical Data Used for Analysis: Forest Plots, & OT T A1 01 1 OO
Tests and Detailed Statistics

%G

Data in his annexvereused to derive the findings in Section 3.0 (empirical evidence) and

Annex 1 (analysis ofyblicationbias). The annex, which served as a basis for constructing the
tables in Section 3.@rovidesdetailed statistics of effect sizescludingstandard eors, t

values, degrees of freedom, confidence intervals, statistical significance, heterogeneity statistics,
funnel pl ot s Nambdr ofiStgdies in thesstatisteca taldes below refers to the
number of effect sizes, not the number of studiesiselves.

Pooled Effect Sizes for all Educational Outcomes, by Type of School
Feeding and Target Group
All children
Forest plot

Sudyaans Sobronp wbn vy Moz 20d 3% C1

Alde=mam, 1000 3l
Aldeeran, 2010 2
Alde=mam, 1000 4
Aldeeman, 2010 7
Aldeeman, 1010 3
Cueto, 2008 13
Comto, 2008 k-]
Caeto, 2003 kl

Varmearsah, 2004 2
Adstran, 2003 5P Cogeitive Desp ran %
Adiman, 2003 5TF Cogeitive Do an E
Adsiman, 2003 $FF Cogoitive Desp ran %

Fazimga 2011
Afderan, 2008 FP Lang Litwracy 5-14
Adelrman, 2008 FF Lang Litracy 11-14

\}DDDDQ%HMWH“IWW“DDDDIl}w“mﬁ'w{’D%“Hﬂ
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Effect size and significance

Model Number Studies Point estimate Significancg Standard erro
Random 88.000 0.043|  w 0.005
effects
Heterogeneity Tau-squared
Tau Standard .

-val df P-val - d V T
Q-value (Q) value square Squared Error ariance au
201.257 87.000 - 56.772 0.001 0.000 0.000 0.028

Funnel Plot of Standard Error by Mean
0.0 ;
0.1
-
o
-
T
=0.2
-
-
3
-
=
=]
Z0.3 |
0.4 .
|
2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Mean
Egger's regression intercept
Intercept 0.64411
Standard eror 0.20085
95% lower limit (2-tailed) 0.24484
95% upper limit (2-tailed) 1.04338
t-value 3.20699
df 86.00000
P-value (1-tailed) 0.00094
P-value [2-tailed) 0.00188
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Pooled Effect Sizes for all Educational Outcomes, by Type of School
Feeding and Target Group
Girls only

Forestplot
. .
All Educanionatl Outcomes ALL Girls
Study name Suberoup within study Statistics for sach shudy Mezn znd 95% CI
Stzndard Lowar Upper
Mezn  error I-Valee p-Vahe lmit it
Afridi, 2011 11 0012 0029 0414 0670 D043 0080 it
Afridi, 2011 26 0120 0206 0583 (0560 -0.524 0284
2 0151 0053 2849 0004 0047 0255 —
4 0.085 0043 1977 (048 0001 Q189 -~
B 011w 0034 3500 0000 0052 0185 ik
17 0244 0073 3342 0001 0101 0387 ——
) 0034 0043 123 0209 -0.030 0138 ==
L 20 0038 0062 0615 0540 -0.0B4 0160 ] o
Spdn 97 0053 0040 233 0020 0015 0171 -
21 0108 0053 19848 0052 0001 0207 -
104 0205 0134 1330 0126 -D.058 0468 ——
105 01 0141 1206 0228 D106 Q446
18 03% 0180 1984 Q0456 0006 0712
R 0037 0013 2845 0004 0012 00682 |:|
41 0053 0012 4417 0000 0029 0077 I:‘
2 60 01s 0048 133 0019 Q019 0207 ==
Karizngz, 2011 THE 11-14 63 o1 0031 1431 0015 0004 0224 -
0078 0013 597 0000 0053 0104 0
Control Treatment
Effect size and significance
Model Number Studies Point estimate Significancg Standard erro

Random
effects

17.000

0.078

*k%k

0.013

Heterogeneity

Tau-squared

Q-value

df (Q)

P-value | I-squared

Tau

Squared

Standard
Error

Variance

Tau

28.425

16.000

0.028 43.712

0.001

0.001

0.000

0.030
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Funnel Plot of Standard Error by Mean

0.0 )
iy
0.1
-
@
-
-
=0.2
=
S
=
=
=
=
70.3
0.4 .
|
2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Mean
Egger's regression intercept
Intercept 1.26103
Standard eror 0.39614
95% lower limit [2-tailed) 0.41668
95% upper limit [2-tailed) 210538
t-value 318332
df 15.00000
P-value (1-tailed) 0.00309
P-value (2-tailed) 0.00617
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Forest plot

Pooled Effect Sizes for all Educational Outcomes, by Type of School
Feeding and Target Group
Boys only

All Educanionatl Outcomes ALL Boys

Study name Subgroup within s wdy Statistics for s=ch study Mean 2nd §5% CI
Stzndard Lowar Upper
Mezn  error I-Valee p-Vahe lmit it
Afridi, 2011 10 -0.023 0068 0338 0735 0156 0110 -
Afridi, 2011 4 -0.101 0053 -1906 0057 0205 0.003 -D'
Adarman, 2010 1 0.061 0135 0.452 0.651 0204 0326
Adarman, 2010 0.087 0180 0483 (0629 0266 0440
Adarman, 2010 0.0713 0.031 2355 001% 0012 0134 D‘
Meng, 2007 16 0.166 0.022 5 0000 0123 0209 D
Adelnzn, J008 SFP Cognitive Dazp Spah o8 -0.001 0.043 23 (981 -0.0B5 O.083 -D-
Adelnzn, J008 SFP Cognitive Dazp Spah e 0.001 0.073 0289 0141 0144 ] e
g2 0040 0.073 548 0584 0183 Q103 —
23 0.036 0.009 0.063 I:l
102 0.028 0060 0116 -D-
103 -0.0B1 3 -0.159 -0.003 D‘
27 0270 0176 0364 -
40 0.052 7 0177 0281 ——
43 0.047 3¢ 0229 0323
59 0011 D066 0.044 1
62 0.010 3 0.014 0.034 D
0.08 6 0008 0.075 o
Control Treatment
Effect size and significance
Model Number Studies Point estimate Significancg Standard erro

Random
effects

17.000

0.033

0.021

Heterogeneity

Tau-squared

Q-value

df (Q)

P-value

I-squared

Tau

Squared

Standard
Error

Variance Tau

85.833

16.000

0.000

81.359

0.005

0.003

0.000 0.067
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Funnel Plot of Standard Error by Mean

0.00
@
0.05 7O
= G
-
T
.10 -
=
= D
=
s )
B.15
@
0.20 |
|
2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Mean
Egger's regression intercept
Intercept 0.00452
Standard error 0.92057
95% lower limit [2-tailed) -1.95763
95% upper limit [2-tailled) 1.96667
t-value 0.00491
df 15.00000
P-value [1-tailed) 0.49807
P-value (2-tailled) 0.99615




Pooled Effect Sizes for all Educational Outcomes, by Type of School
Feeding and Target Group
Take-home rations only

All children

Forest plot

All Educanionat]l Outcomes THR All

Study name

Ahmed, 2002

Higlsan, 2010

Adelnzn, J008 SFP Cognitive Dasp Spaf
00 THR Cognitive Desp Spén 97

00 THR Cognitive Raven

00 THR Cognitive Raven

£, 2011 THE Cognitive Raven
2 £, 2011 THE Cognitive Raven

Butenheim, 2011 Nhot

Kazi 012

Adelmzn, 2008 THE Lang Literacy 11-14

Adelmzn, 2008 THR 11-14
Adelmzn, 2008 THR 614

Subgroup within study Statistics for sach study

Stzndard Lowar Upper

Mezn  error I-Valee p-Vahe lmit it

0.116 0068 1706 0.0 D017 0240

0.1 0135 21000 0046 0005 0333

] 035 0180 1904 O046 0006 0712
0.087 0.031 21806 0005 O0.006 0148

£.019 0.022 -D.B64 O3EE D062 0024

4 0.085 0043 1977 0048 0001 Q160
16 0166 0073 13™ 0023 0005 0309
17 0244 0.073 3342 0001 0101 0387
19 0.028 0.014 2000 0046 0001 0055
oo 0.001 0.045 0013 092 -D.OBT 008D
0.098 0040 133 0020 0015 Q171

o1 0.1 0.053 1548 0.052 0001 0207
o3 0.036 0.048 0730 0453 D058 0130
103 -0.081 0.117 0602 0480 D310 0148
105 01 0141 1206 03128 D106 0445
33 0.053 0028 19584 0040 0000 0110
&4 0.05 0.012 4417 0000 0000 0077
0.047 0015 313 0002 001 0076

& £.227 0230 0950 0342 D605 0241
0 0.451 0341 144 0130 0177 1158
0.435 0213 213 0033 0088 0ET2

0.1 0122 1171 0241 D096 03R2

& 0.010 0.045 0311 0814 DO7E 0002
& 0.1 0.051 2431 0015 0004 0224
0.080 0.012 513 0000 O.058 0085

Mezn 2nd §5% CI

’f

o
T Hrh 3

oo

o¢¢§

Control

Treatment

Effect size and significance

Model

Number Studieg

5 Point estimate)

Significance

Standard erro

Random
effects

24.000

0.061

*kk

0.012

Heterogeneity

Tau-squared

Q-value

df (Q)

P-value | I-sq

Tau

d
uare Squared

Standard
Error

Variance

Tau

46.053

23.000

0.003

50.057

0.001

0.001

0.000

0.033
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0.0

0.1

-

=1

=

-

=0.2

-

-

3

-

=

=]

203 -

0.4
20 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
Mean

Egger's regression intercept
Intercept 1.03891
Standard error 0.38241
95% lower limit [2-tailed) 0.24583
95% upper limit (2-tailed) 1.83199
t-value 271670
df 22.00000
P-value [1-tailed) 0.00630
P-value [2-tailed) 0.01260
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Pooled Effect Sizes for all Educational Outcomes, by Type of School
Feeding and Target Group
Take-home rations only

Girls only
Forest plot
All Educanionatl Outcomes THR Girls
- . we se e e s s o
Meng, 20 17 0244 T ——
Adstmzn, 2008 THR Cognitive Desp Span 27 0093 F
Adelnzn, 2008 THR Cognitive Rawen 21 0103 -
- o oo =
Karizngs, 2012 THE 11-14 63 0114 -
0102 &
Control Treatment
Effect size and significance
Model Number Studies Point estimate Significancg Standard erro
Random 8.000 0.102| 0.023
effects
Heterogeneity Tau-squared
Tau Standard .
Q-value df (Q) P-value | I-squared Squared Error Variance Tau
12.701 7.000 0.080 44.884 0.002 0.002 0.000 0.039
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